Cystathionine gamma-lyase (CSE)-derived H 2 S plays an important role in regulating cell growth. Lack of CSE expression results in development of hypertension. The current study compared proliferation of smooth muscle cells derived from CSE gene knockout mice (SMCs-KO) with that of wild-type mice (SMCs-WT).
Introduction
Vascular remodelling contributes to increased peripheral resistance in hypertension, involving smooth muscle cell (SMC) hypertrophy/ hyperplasia as well as abnormal extracellular matrix turnover.
1,2 Dysfunction of vascular autocrine/paracrine regulation of SMC proliferation is one of the causative factors for vascular remodelling. 3 SMCs from spontaneously hypertensive rats (SHR) had a proliferative phenotype with exaggerated growth, 4 -7 and enhanced susceptibility to apoptosis induced by serum withdrawal in comparison with SMCs from normotensive Wistar-Kyoto rats. 8, 9 H 2 S is an important gasotransmitter in the cardiovascular system. 10 -13 H 2 S can be generated in blood vessels in a reaction catalysed mainly by cystathionine gamma-lyase (CSE). Abnormal metabolism and functions of the CSE/H 2 S pathway have been linked to different cardiovascular diseases, including hypertension. 10 -13 Mice genetically deficient in CSE expression exhibited age-dependent increased blood pressure, decreased endogenous H 2 S level, severe hyperhomocysteinaemia, and impaired endothelium-dependent vasorelaxation. 12 Exogenous H 2 S administration lowered blood pressure of Sprague-Dawley rats and prevented the hypertrophy of intramyocardial arterioles and decreased aortic thickening of SHR. 13, 14 Overproduction of endogenous H 2 S via up-regulation of the expression of CSE inhibited SMC proliferation and induced SMC apoptosis. 15 -17 Furthermore, inhibition of CSE activity with DL-propargylglycine (PPG) significantly increased blood pressure of Sprague-Dawley rats and mice. 12, 18 However, little is known about the vascular remodelling and SMC proliferation in the absence of CSE as well as the associated decrease in endogenous production of H 2 S. In the present study, we compared proliferation responses of SMCs derived from CSE knockout mice (SMCs-KO) with those from wild-type mice (SMCs-WT) to various stimuli. The effects of exogenous H 2 S on the expression of cell proliferation-related genes were further determined. Our findings support the hypothesis that abnormal SMC proliferation in hypertension is linked to decreased endogenous H 2 S production in CSE KO mice.
Methods

Animal preparation
CSE KO mice were generated as described previously. 12 The second-and third-generation of 10-to 12-week-old male CSE KO offspring and agematched male WT littermates on C57BL/6J Â 129SvEv background were used. PCR genotyping of CSE KO mice was performed using a threeprimer assay in two reactions. 12 All animal experiments were conducted in compliance with the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH Publication No. 85-23, revised 1996) and approved by the Animal Health Care Committees of the University of Saskatchewan and Lakehead University, Canada. All animals were maintained on standard rodent chow and had free access to food and water.
Isolation and culture of SMCs
Single SMCs from mesenteric artery of CSE WT and CSE KO mice were isolated and identified as described previously. 19 These SMCs were cultured in Dulbecco's modified Eagle's medium containing 10% supplemented foetal bovine serum (FBS), 100 U/mL penicillin, and 100 mg/mL streptomycin. The SMC identity was confirmed by staining with SMC-specific a-actin monoclonal antibody (Sigma, Oakville, Ontario, Canada), and the cells had the usual growth characteristics and at confluence exhibited the typical 'hill-and-valley' pattern. 19 The experiments were performed when the cells reached 70 -80% confluence between passages 2 and 6. In all studies, cells were first incubated in the serum-free medium for 24 h and then 10% serum added together with different treatments. The media were changed every 3 days.
Measurement of the expression of CSE and H 2 S production in SMCs and western blot analysis
Cultured SMCs were harvested from 100 mm culture dishes. Mesentery artery and aorta were isolated from mice. For other details, see Supplementary material online.
Cell proliferation assay
Cell counting was performed on SMCs-WT and SMCs-KO. Equal numbers of cells (2 Â 10 4 ) were seeded in a 24-well plate overnight, and the cells were counted daily by using a haemocytometer. Cell proliferation was assessed by bromodeoxyuridine (BrdU) incorporation. In brief, equal numbers of cells (1.5 Â 10 4 ) were seeded in a 48-well plate for 48 h in the presence of 10% FBS, and then BrdU label was added into the culture media for another 24 h. Incorporated BrdU was detected as instructed by the manufacturer (Calbiochem, Gibbstown, NJ, USA). For the experiments with H 2 S and H 2 O 2 treatments, the cells were first seeded in a 48-well plate for 24 h in media containing 10% FBS, and then in the serum-free media for another 24 h. Afterwards, 10% FBS were added back together with different treatments as well as BrdU label for another 24 h. SMCs-WT cells without any treatment were considered 100% viable.
Cell apoptosis assays
Hoechst 33258 staining and terminal deoxyribonucleotidyl transferasemediated dUTP nick end labelling (TUNEL) were used to analyse cell apoptosis (see Supplementary material online). 15 
Histology and immunohistochemistry
The aorta and heart tissues from CSE WT and CSE KO mice were dissected, cleaned, and fixed by immersion in 4% paraformaldehyde for 18 h. The samples were then incubated in 30% sucrose at 48C for 3 days. After embedding in optimal cutting temperature compound (Calbiochem), 10 mm thick sections were cut using a cryostat and picked up on poly-L-lysine-coated slides.
Detection of DNA synthesis was performed using BrdU incorporation method as previously described with modification. 20 After the mice were intraperitoneally injected with BrdU at 100 mg/kg body weight for 16 h, heart and aortic tissues from mice were dissected and sectioned as indicated above. The sections were incubated with monoclonal mouse antibody against BrdU (1:100) (Calbiochem) for 1 h followed with peroxidase goat anti-mouse IgG (1:1000) for 30 min. After washing, a sufficient amount of freshly prepared colour-substrate solution (tetramethylbenzidine) was applied to the section and incubated in the dark for 30 min at room temperature. Haematoxylin was used for counterstaining. The BrdU-positive cells have dark brown nuclei. Proliferation was determined by the BrdU-labelling index expressed as the ratio of BrdU-positive cells to total nucleated cells. At least two arbitrarily chosen fields per tissue cross-section and three sections per tissue sample were examined.
Microarray study
All GeneChips were processed at the London Regional Genomics Centre (Robarts Research Institute, London, Ontario, Canada). Biotinylated complimentary RNA (cRNA) was prepared from 500 ng of total aorta RNA using the Affymetrix GeneChip 3 0 IVT Express kit (Affymetrix, Santa Clara, CA, USA). Ten micrograms of labelled cRNA was hybridized to Mouse Genome 430 2.0 GeneChips for 16 h at 458C as described in the Affymetrix Technical Analysis. GeneChips were stained with streptavidin-phycoerythrin, followed by an antibody solution and a second streptavidin-phycoerythrin solution, with all liquid handling performed by a GeneChip Fluidics Station 450. GeneChips were scanned with the Affymetrix GeneChip Scanner 3000 (Affymetrix) controlled by Command Console software. Gene expression levels were determined using the GC-RMA preprocessor in GeneSpring GX 7.3.1 (Agilent Technologies, Inc., Palo Alto, CA, USA). Data were then transformed and normalized per chip to the 50th percentile and per gene to control samples. Nine CSE WT mice and nine CSE KO mice were used in this study.
Determination of mRNA level
Real-time PCR was performed in an iCycler iQ 5 apparatus (Bio-Rad) associated with the iCycler optical system software (version 3.1) using SYBR Green PCR Master Mix, as described previously, 16 and further described in Supplementary material online.
Reagents and chemicals
H 2 S stock solution was freshly prepared by directly bubbling distilled water with pure H 2 S gas (Praxair, Danbury, CT, USA) to make the saturated H 2 S solution (0.09 M at 308C). 13 H 2 S stock solution was diluted to different concentrations into cell culture medium, and the pH of medium was adjusted to 7.4. At 378C, the concentration of H 2 S in culture media was changed quickly. Direct measurement of H 2 S concentration with our established assay showed that a drop of the H 2 S concentration around 55% was observed within 30 min, and 76% of H 2 S was gone within 12 h after 100 mM H 2 S was added into the culture media in the presence of cells (data not shown).
Polyclonal antibody against bacterially expressed full-length mouse CSE was raised in rabbits. 12 Anti-cyclin D1 antibody was from Lab Vision Corporation (Fremont, CA, USA), and all other antibodies were obtained from New England Biolabs (Camarillo, CA, USA). Horseradish peroxidase-conjugated goat anti-rabbit IgG antibody and goat anti-mouse IgG antibody were from Sigma. All other chemicals were from Sigma or New England Biolabs (Pickering, Ontario, Canada).
Statistical analysis
Data are presented as means + SEM. The statistical analyses for the data of in vivo cell proliferation experiments were performed by using SPSS 10.0 software (SPSS, Inc., Chicago, IL, USA) with ANOVA and post hoc Tukey's test, and the microarray data were statistically analysed by using GeneSpring GX (Agilent Technologies Canada, Inc., Mississauga, Ontario, Canada) with t-test. All other statistical comparisons were carried out by using Excel 2003 (Microsoft, Redmond, WA, USA) with Student's t-test, and the significance level was set at P , 0.05.
Results
CSE KO mice (11-12 weeks old) displayed elevated blood pressure compared with age-matched WT mice (134.7 + 11.6 vs. 110.6 + 6.1 mmHg, P , 0.05), as described in our previous report. 12 There were no differences in heart weight and heart rate between CSE KO and CSE WT mice (see Supplementary material online, Table S1 ).
Increased proliferation of SMCs isolated from CSE KO mice
SMCs from mesentery artery of CSE WT and CSE KO mice were isolated and cultured in vitro ( Figure 1A ). Lack of CSE mRNA and protein expression was verified in SMCs-KO ( Figure 1B and C ). H 2 S production rate was significantly decreased in SMCs-KO compared with that in SMCs-WT (P , 0.05) ( Figure 1D ). From day 2 of primary culture, SMCs-KO grew significantly faster than SMCs-WT (Figure 2A) . At the third day, the number of SMCs-KO was 148.7 + 12.3%, taking that of SMCs-WT as 100% (P , 0.05). The overproliferation of SMCs-KO was also evidenced by BrdU incorporation. As shown in Figure 2B , SMCs-KO had more BrdU incorporation than SMCs-WT (P , 0.05). Moreover, histological examination revealed a significant increase in the percentage of BrdU-positive cells in the media of the aorta, but not the heart, of CSE KO mice compared with that of age-matched CSE WT mice (9.2 + 2.3 vs. 5.0 + 1.2%, P , 0.05) ( Figure 2C ).
To explore whether increased aortic SMC proliferation in CSE KO mice was independent of blood pressure levels, we treated the 6-week-old CSE KO mice with captopril in drinking water (100 mg/ kg/day) for 5 weeks to prevent the occurrence of hypertension. 21, 22 Before the treatment, systolic blood pressure of CSE KO mice was 109 + 3.2 mmHg. After 5 weeks of captopril treatment, the systolic blood pressure of CSE KO mice remained at 111.4 + 1.8 mmHg (n ¼ 4), whereas it was significantly higher (133.6 + 5.6 mmHg, n ¼ 8) in untreated age-matched CSE KO mice. In situ histological examination of the aorta from captopril-treated CSE KO mice revealed increased BrdU incorporation in the media of the aorta, even in the Proliferation of smooth muscle cells and CSE deficiency absence of hypertension. There was no difference in the percentage of BrdU-positive SMCs (BrdU-labelled nuclei/total nuclei Â 100) between captopril-treated and untreated CSE KO mice (8.5 + 1.7 vs. 9.2 + 2.3%, P . 0.05).
H 2 S-induced apoptosis of SMCs-KO
Hydrogen sulfide at 100 mM significantly inhibited proliferation of SMCs-KO, but not SMCs-WT ( Figure 3A) . H 2 O 2 at 200 mM significantly inhibited proliferation of both SMCs-WT and SMCs-KO with statistically greater effect on SMCs-KO ( Figure 3A) . The nuclei of untreated SMCs-WT and SMCs-KO were uniformly stained by Hoechst 33258, and the cells exhibited normal morphology ( Figure 3B-a and -b) . After SMCs-KO were incubated with 100 mM H 2 S, the number of condensed apoptotic nuclei increased drastically ( Figure 3B-d) , but the same H 2 S treatment had little effect on SMCs-WT ( Figure 3B-c) . Induction of SMCs-KO apoptosis by H 2 S was further confirmed by TUNEL. The number of TUNEL-positive cells significantly increased after SMCs-KO were exposed to 100 mM H 2 S ( Figure 3B -h and C ), and we found little TUNEL-positive cells in untreated cells ( Figure 3B -e and f ) or H 2 S-treated SMCs-WT ( Figure 3B-g ).
3.3 Effects of CSE/H 2 S on mitogen-activated protein kinases and cell cycle proteins CSE deficiency resulted in a marked decrease in phosphorylated extracellular signal-regulated kinase (ERK1/2) levels in mesenteric artery SMCs and mesentery artery tissues, and slightly in the aorta, without alteration in the total ERK1/2 ( Figure 4A and B) . Exogenously applied H 2 S at 100 mM increased more phosphorylation of ERK1/2 in SMCs-KO compared with that in SMCs-WT, and H 2 S-induced phosphorylation of ERK1/2 in SMCs-WT peaked at 2 h, whereas it was delayed by 2 h in SMCs-KO ( Figure 4B ).
The expression of p21 Cip/WAF-1 was decreased and that of cyclin D1 increased in mesenteric artery SMCs, mesentery artery tissues, and the aorta from CSE KO mice compared with those from CSE WT mice ( Figure 5A and B). H 2 S treatment increased the expression of p21 Cip/WAF-1 and decreased the expression of cyclin D1 in SMCs-KO and SMCs-WT with statistically greater effect on SMCs-KO ( Figure 5B ).
Besides p21
Cip/WAF-1 and cyclin D1, we found that the other cell cycle regulators were also differentially modulated by endogenous or exogenously applied H 2 S (see Supplementary material online, Figure S1 ). CDK4 expression in SMCs-KO was significantly higher than that in SMCs-WT, and H 2 S increased the expression of CDK4 Table 1 shows the selected microarray data for differential expression of certain genes involved in cell proliferation and/or apoptosis in the aorta of CSE WT and CSE KO mice. For these genes, the expression changes of cyclin D1 and p21 Cip/WAF-1 have been validated by western blot (Figures 4 and 5) . Increased expression of calcitonin receptor-like (CRL), heparin-binding epidermal growth factor-like growth factor (HB-EGF), and integrin beta 1 (IB1) in the aorta tissues of CSE KO mice compared with CSE WT mice were validated with real-time PCR (P , 0.05) ( Figure 6 ).
Gene expression analysis by microarray
Discussion
Vascular SMCs are specialized cells largely exhibiting a contractile phenotype to regulate blood vessel diameter, blood pressure, and blood flow distribution. 23, 24 In contrast to cardiac and skeletal muscle cells which exit the cell cycle and undergo terminal differentiation, vascular SMCs are plastic and can alternate their phenotype from contractile to proliferative in response to extracellular cues. 23, 24 SMC phenotypic switching is believed to play a key role during the development of hypertension. 1 To date, cellular and molecular mechanisms that regulate SMC proliferation and differentiation are not fully understood, and the identification of specific regulatory targets will shed light into this unsolved area. We previously reported that the endogenous level of H 2 S is critical for SMC apoptosis induced by exogenous-applied H 2 S at physiologically relevant concentration. 15, 16 Circulatory H 2 S levels have been reported to be 10 -50 mM in rats and 10 -100 mM in humans. 10 Local tissue levels of H 2 S are known to be higher than its circulatory levels. The concentration of H 2 S in brain tissues is in the range of 50-160 mM. Without inhibiting endogenous H 2 S production, exogenously applied H 2 S at 100 mM had little effect on human aorta SMC apoptosis. 15, 16 After inhibiting endogenous H 2 S production by PPG pretreatment or knocking down endogenous CSE gene by shortinterfering RNA approach, H 2 S at 50 mM started to induce apoptosis of human aorta SMCs, and this effect of H 2 S became significant at 100 mM. 15, 16 In the present study, we used SMCs from CSE KO mice, in which the lack of CSE mRNA and protein expression as well as decrease in H 2 S production have been validated (Figure 1) . CSE deficiency led to a significant increase in cell growth rate. The percentage of BrdU-positive cells in cultured SMCs and in the media of the aorta is also significantly higher in CSE KO mice than in age-matched CSE WT mice ( Figure 2 ). These results indicate that endogenous CSE/H 2 S system suppresses the proliferation and growth of SMCs. Our data also showed that increased SMC proliferation in CSE KO mice was not secondary to the development of hypertension because normalization of blood pressure in CSE KO Proliferation of smooth muscle cells and CSE deficiency mice by captopril did not reduce aortic SMC proliferation compared with untreated age-matched CSE KO mice. Furthermore, we found that exogenously applied H 2 S at 100 mM inhibited proliferation and induced apoptosis of SMCs-KO, but not of SMCs-WT ( Figure 3) . Given that abnormal proliferation of SMCs-KO is associated with increased susceptibility to apoptosis induced by H 2 S (Figure 3) , a desensitization mechanism of apoptotic signalling system resulting from the basal level of endogenous H 2 S may exist. 15, 16 Apoptosis is a physiological process that maintains tissue mass balance by countering cellular replication, and endogenous H 2 S level is critical for the balance between the two processes. Several recent reports have documented a similar phenomena in SMCs derived from hypertensive animals. Vascular SMCs from SHR and stroke-prone SHR were more prone to apoptosis induced by serum deprivation. 8, 9 We did not find any difference in heart cell proliferation between WT and KO mice ( Figure 2C ) or heart rates between the two groups (see Supplementary material online, Table S1 ), which suggests that hypertension of CSE KO mice was more of a vascular abnormality. H 2 S is not only a vasorelaxant but also a modulator of cellular proliferation and/or apoptosis. Exogenously applied H 2 S or inhibition of endogenous H 2 S production can regulate cell growth or death in a multitude of settings, including cardiovascular system, immune system, intestinal system, lung fibroblasts, and pancreatic acinar cells and beta cells. 15 -17,25 -30 Chronic treatment of SHR with NaHS for 3 months decreases media thickening of intramyocardial coronary arterioles and interstitial fibrosis. 14 Most of our knowledge about the cardiovascular biology of H 2 S come from the use of H 2 S donors (NaHS, or S-diclofenac, for example) or CSE inhibitors (PPG or b-cyanoalanine). 13, 17, 31 The release of H 2 S from H 2 S donors is time-dependent and the in vivo level of H 2 S after the application of exogenous H 2 S is not easy to control. The CSE inhibitors apparently target the pyridoxal phosphate-binding sites and may not be entirely specific for CSE. In addition, the unidentified metabolic products of these compounds also should be considered. 31 Worthy noted here, CSE short-interfering RNA cannot completely knockdown endogenous CSE expression, and the transfection agents may have some undesired side effects. Our present study used CSE KO mice and CSE KO SMCs to examine the role of endogenous H 2 S in regulating SMC proliferation and vascular remodelling, and we demonstrate the increased proliferation of vascular SMCs in the absence of CSK, which may partially contribute to the development of hypertension in these mice. We have previously shown that H 2 S treatment of, or CSE overexpression in cultured SMC increased the phosphorylation of ERK1/ 2 and cell apoptosis. Suppression of ERK1/2 phosphorylation in these cells inhibited H 2 S-induced apoptosis. 15 ERK is one member of mammalian mitogen-activated protein kinase family, which has a unique role in the regulation of cellular metabolism and gene expression related to growth, apoptosis, and cellular responses to external stresses. 32 In the present study, we showed that lack of CSE and decreased H 2 S resulted in a reduced phosphorylation of ERK1/2 in mesenteric SMCs and mesenteric artery tissues. ERK1/2 was much less activated in smaller vessels (mesenteric artery) than in larger conduit vessel (aorta) in the absence of CSE ( Figure 4A ). As known, the altered contractility of smaller vessels contributes much more to blood pressure development. 1 The basal level of ERK1/2 phosphorylation in SMCs is higher in WT mice than in KO mice. It is likely that upstream molecules of ERK1/2 phosphorylation such as Raf and Ras may be stimulated by H 2 S. 15 Once H 2 S level is decreased as occurred in CSE KO mice, the activation of Raf and Ras will be reduced followed by decreased ERK1/2 phosphorylation in SMCs. Exogenously applied H 2 S activated ERK1/2 in SMCs in a time-dependent manner. The phosphorylation of ERK1/2 in SMCs-WT peaked within 2 h of H 2 S treatment and then slowly subsided to the basal level at 8 h. On the other hand, the phosphorylation of ERK1/2 in SMC-KO was not obvious until 4 h after H 2 S treatment followed by a quick decline to the basal level ( Figure 4B ). Taken together, these findings suggest that the interaction between H 2 S and phosphorylation of ERK1/2 plays an important role in regulating SMC proliferation and vascular remodelling during the development of hypertension, and targeting ERK1/2 presents an intriguing possibility for intervening in hypertension development via regulation of CSE/H 2 S system. H 2 S is known to arrest the cell cycle in G1 phase. 29 Cell cycle progression is determined by formation of protein complexes between cyclins and cyclin-dependent kinases (cdk), and cyclin D associates with cdk2, cdk4, and cdk6 for determination of early G1 progression. 4 Also involved in the control of cyclin -cdk activity in all phases of the cell cycle is p21 Cip/WAF-1 . 4 We confirmed here that the lack of CSE gene expression decreased the expression of p21 Cip/WAF-1 while increased that of cyclin D1 in isolated SMCs as well as whole vascular tissues. Furthermore, H 2 S treatment increased expression of p21 Cip/WAF-1 and decreased expression of cyclin D1 in SMCs-KO much more significantly than in SMCs-WT ( Figure 5 ). As mentioned above, endogenous H 2 S level may be critical for signal transduction under different stimuli. After CSE was knocked out and endogenous H 2 S was decreased, the responses of ERK1/2 and cell cycle proteins to exogenous-applied H 2 S were much stronger in SMCs (Figures 4 and 5) . Figure S1 ). It appears that the role of H 2 S in cell cycle regulation involves multiple cell cycle regulators.
Many signalling proteins may be targeted by H 2 S, such as ATPsensitive potassium channels, phosphotidylinositol-3-kinase/protein kinase B pathway, nitric oxide synthase, and haem oxygenase. 10, 31 It should be noticed that lack of CSE may also affect the expression of other genes in addition to reduced H 2 S production, thereby indirectly affecting cell growth. Microarray analysis in our preliminary study found that many genes related with cell proliferation/apoptosis, gene transcription, signal transduction, and enzymatic metabolism are significantly up-or down-regulated in the aorta tissues of CSE KO. For example, the expression of three genes related to cell proliferation/apoptosis, CRL, HB-EGF, and IB1, was significantly increased in the aorta tissues of CSE KO mice compared with CSE WT mice, which was validated by real-time PCR. CRL, one G protein-associated receptor of adrenomedullin, plays an important part in angiogenesis and vasculogenesis. 33 A significant reduction in cell proliferation was found in the vessel walls of CRL deficient mouse embryos compared with WT littermates. 34 CRL protein has been previously described to increase proliferation of several cell types, and the expression of CRL is higher in glial tumours, especially in those with higher malignancy. 35, 36 HB-EGF is a member of the EGF family of growth factors, and HB-EGF was initially identified in the conditioned medium of macrophage-like cells as a mitogen for fibroblasts and SMCs, but not endothelial cells. 37 The expression of HB-EGF was up-regulated in many proliferative cardiovascular diseases, such as atherosclerosis, coronary heart diseases, post-angioplasty restenosis, and hypertension. 38 IB1
is a cell surface receptor that mediates cell-matrix interactions, and IB1 primarily binds to components of the extracellular matrix to regulate proliferation of cells. IB1 has also been shown to stimulate SMC contraction as well as vascular remodelling. 39 Through increased expression of the genes involved in cell proliferation and apoptosis pathways, CSE KO may exert a profound influence on SMC phenotype change. H 2 S is a weak reducing agent. Our previous data showed that glutathione levels were significantly decreased in vascular tissues and SMCs from CSE KO mice and oxidative stress level was only slightly increased in SMCs-KO. 12 We also showed that H 2-S-induced apoptosis of human aorta SMCs was not altered by glutathione at millimolar concentrations after CSE activity was inhibited. 15 Furthermore, the excitatory effect of H 2 S on K ATP channels and H 2 S-induced vasorelaxation were not related to altered redox status. 13 Given these observations, we believe that redox status may play little effect on H 2 S-inhibited cell proliferation and induced apoptosis in SMCs. Differently, H 2 O 2 , a known apoptotic stimulus, significantly decreased cell proliferation in both SMCs-WT and SMCs-KO. H 2 O 2 decreased more cell proliferation of SMCs-KO than that of SMCs-WT ( Figure 3A) , which suggests that SMCs-KO are more sensitive to extracellular oxidative stress.
In conclusion, the present study using CSE KO mice demonstrates an essential role of CSE/H 2 S system in regulating SMC proliferation. The major findings of this study are that vascular SMCs from CSE KO mice display increased proliferation rate in vitro and in vivo, and these cells are more susceptible to apoptosis induced by exogenous H 2 S at physiologically relevant concentrations. ERK1/2 phosphorylation plays an active role in mediating H 2 S-induced apoptosis, whereas alteration of cyclin D1 and p21
Cip/WAF-1 expression may contribute to H 2 S-induced cell cycle arrest. Our studies provide new insight into the pathogenesis of hypertension and underscore the importance of H 2 S in homeostatic control of vascular integrity. Confirmed by western blot.
